Protozoans in general comprise about one-third of the parasitic species infecting arthropod vectors, 24 the role of free-living ciliates on mosquitoes have been insufficiently studied either due to their 25 low pathogenicity or being facultative parasites. Studies have shown that exposure of Paramecium 26 ciliate protists, like Vorticella species, to first instar Cx. nigripalpus larvae delayed larval 27 development and reduced biomass of emerged adults due to competition for food sources like 28 bacteria and other microbes essential to mosquito growth and survival. Thus, we report on the 29 capacity of a Vorticella protozoan's ability to cross-infect host species and parasitize multiple 30 mosquito larvae. The unique adapted behavior with the ability to remain on the exuviae in tree 31 hole habitats provides a novel delivery system to develop products for target species-specific 32 mosquitocides, larvicides, or viricides to be applied and sustained in aquatic systems. 33 34 42 chemicals can range from organophosphates, insect growth regulators, or pyrethroids (Benelli 43 2015). However, past and current chemicals in use are having unintended negative effects on the 44 ecosystem such as the emergence of chemically-resistant mosquito populations. Resistance within 45 3 the population reduces the already diminished number of pesticides available for effective 46 mosquito control (Brogdon and McAllister 1998). Stahl (2002) also compiled a report that 47 Solution (PBS) solution (pH 7.2) to promote Vorticella suspension. The suspensions were each 92 dispensed among two groups: Group one was: 10 Cx. nigripalpus/container; and Group two was: 93 10 Cx. quinquefasciatus /container. Each group had 10 plastic containers, 250 mL each, with 200 94 mL of deionized water. Five untreated plastic buckets each containing 10 Cx. nigripalpus, or 10 95 Cx. quinquefasciatus were included to serve as control treatments. The experiment was carried out 96 in an incubator at 27± 1 °C and larval observations were made over a one month period for 97 Vorticella infection. At first sighting of larval pupation, the remaining larvae were observed for 98 infection by visual observation under a dissecting microscope, and monitored until their emergence 99 to adults. Sixteen infected larval samples (9 Cx. quinquefasciatus and 7 Cx. nigripalpus) were 100 placed individually in 1.0 ml of 200 proof ethanol for imaging. Light microscopy images were 101 taken using a Keyence VHX-5000 Digital Microscope (
was significantly lower than the larvae exposed to Vorticella suggesting that Vorticella may have 139 negative impact on this species. The mean proportion of mortality rates in unexposed control (i.e., 140 without Vorticella treatment) of Cx. nigripalpus and Cx. quinquefasciatus was 0 and 13%, 141 respectively ( Fig. 2D) .
143
The difference in pupation rate among the four treatment groups was not statistically significant 144 although slightly greater pupation rate occurred in both infected and non-infected Cx. 145 quinquefasciatus and non-infected Cx. nigripalpus than infected Cx. nigripalpus larvae (Kruskal-
146
Wallis test, P>0.05, Fig. 2C) . However, significantly a greater number (74%) of Cx. 147 quinquefasciatus emerged from the Vorticella-exposed larvae compared to 52% emergence rate 148 observed in Cx. nigripalpus (P ≤ 0.05, Fig. 2D) . These findings may suggest mosquito species-149 specific effects of the Vorticella infestation and warrant further investigation. The protozoan's ability to cross-infect and parasitize multiple mosquito larvae and its ability to 180 remain on the exuviae provides a unique delivery system for novel species-specific mosquitocides, 181 9 or viricides to be applied and sustained in aquatic systems. The need for studies to evaluate these 182 advantages of Vorticella as a potential delivery system, as a form of biological control to reduce 183 mosquitoes and the spread of vector-borne pathogens, such as Dengue, Zika and West Nile Virus 184 are being pursued as a sustainable mechanism for mosquito control. 
